Warmup
What are the propagation delays for this circuit?

C. Gate tha (Ps) tea (Ps)
NOT 15 10
2-input NAND 20 15
3-input NAND 30 25
2-input NOR 30 25
3-input NOR 45 35
2-input AND 30 25
3-input AND 40 30
2-input OR 40 30
3-input OR 55 45

2-input XOR 60 40
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Logistics stuff

Exam on Tuesday, study sheet on the website
You can bring one sheet of letter-size paper with your notes
Watch Piazza for information on study sessions

Lab 5 begins next week, but you have 2 weeks for it!



What's the point?
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By the end of class today, you should be able to:

B Explain the basic principles of a carry-lookahead adder, and why
it is faster than a ripple-carry adder.

B Explain what an ALU is, and describe the function of the
control and flags signals.



Let's start with some full adders (Just like lab 3)
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How long does this take?




How long does this take?
What if we could build a shortcut for the carry?




Creating a shortcut
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The shortcut (for 2 bits)

A, B, 41:?4130 %
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(animation - see links on course website)



The tradeoff

Large lookahead blocks can "look ahead" farther
But the internal ripple-carry part is slow
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Prefix adder!
But isn't that a let of transistors?



Moore's "law"
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Gordon Moore, "Cramming more components onto integrated circuits" Electronics Magazine, April 1965



Arithmetic Logic Unit (ALU)

Don't memorize this, it's just one example .
A

YN YA

ALUControl

O\Add A+ T3 |
o\1jsubtract /) & (- )
10 AND )

11 OR \Gi::ﬁi;

™
'\
N g
1 o
COUt \ Yﬁ %
L Sum
&/ N&% AN N
11 10 01 00

5 ALUControl

Result



Multiplication

Works just like multiplication in decimal
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Multiplication, faster

Write out some numbers in binary and multiply them by 4
Design a circuit that multiplies numbers by 4

O o U - 3

o o 120 - e

Challenge: design a circuit that multiplies numbers by 17/



Computers do this too!
Play with the compiler explorer on goadbolt.org



Division
s slow and uses lots of hardware
But dividing by certain values is really easy...

What about negative numbers?



Where are we?

We've built lots of stuff with combinational logic
We can even build the core of a computer

After the exam, we're going to talk about storage!



